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OECD 

The Convention establishing the Organisation for Economic Co-operation and Development (OECD) was 
signed on 14th December 1960. 

Pursuant to article 1 of the Convention, the OECD shall promote policies designed: 

to achieve the highest sustainable economic growth and employment and a 
rising standard of living in Member countries, while maintaining financial stability, and this to 
contribute to the development of the world economy; 

to contribute to sound economic expansion in Member as well as non-member countries in the 
process of economic development; and 

to contribute to the expansion of world trade on a multilateral, non-discriminatory basis in 
accordance with international obligations. 

The current Signatories of the Convention are Australia, Austria, Belgium, Canada, Denmark, Finland, 
France, the Federal Republic of germany, Greece, Iceland, Ireland, Italy, Japan, Luxembourg, the Netherlands, New 
Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the United Stales. 

The Socialist Federal Republic of Yusgoslavia lakes part in certain work of the OECD. 

N EA 

The OECD Nuclear Energy Agency (NEA) now groups all the European Member countries of OECD and 
Australia, Canada, Japan and the United States. The Commission of the European Communities takes part in the 
work of the Agency. 

The primary objectives of NEA are to promote co-operation between its Member governments on the safety 
and regulatory aspects of nuclear development, and on assessing the future role of nuclear energy as a contributor to 
economic progress. 

NEA works in close collaboration with the International Atomic Energy Agency, with which it has 
concluded a Co-operation Agreement, as well as with other international organisations in the nuclear field. 

CSN I 

The NEA Committee on the Safety of Nuclear Installations (CSNI) is an international committee made up of 
scientists and engineers. It was set up in 1973 to develop and coordinate the activities of Ihe OECD Nuclear F.neigy 
Agency concerning the technical aspects of the design, construction and operation of nuclear installations insofar as 
they affect the safety of such installations. The Committee's purpose is to foster international co-operation in nuclear 
safety amongst the OECD Member countries. 

C N RA 

The NEA Committee on Nuclear Regulatory Activities (CNRA) constitutes an international forum for the 
exchange of information and experience among regulatory organisations. Set up in 1989, it is responsible for the 
programme of the OECD Nuclear Energy Agency concerning the regulation, licensing and inspection of nuclear 
installations with regard to safety. 



3 

Table of Contents 

EXECUTIVE SUMMARY 4 

INTRODUCTION 6 

Origin and purpose of the Workshop <5 

Objective and composition of the report 7 

OBSERVATIONS AND INSIGHTS 9 

Introduction ç 

Uses ç 

Results JO 

Methods and Limitations 75 

Low probability numbers jg 

Expert opinion 19 

GENERAL CONCLUSIONS 20 

Annex 1 21 

Annex 2 26 

Annex 3 



4 

EXECUTIVE SUMMARY 
This interim report has been prepared by the committee which organized the PSA 
Applications and Limitations Workshop which was held under CSNI auspices on September 
4-6, 1990 in Santa Fe, New Mexico, USA. The Workshop was the output of the decision 
reached by the CSNI in its November 1989 meeting to further examine the uses, results, and 
limitations of PSA, with special attention to the use of expert opinion, and to the use of low 
probability numbers. 

At the Workshop there were two and one half days of paper presentations on the above 
topics, followed by a one-half day panel discussion on broad PSA topics. On the basis of the 
papers, the attendant discussions, and the panel session, the Workshop committee extracted 
the important aspects and then prepared summaries and conclusions. The summary 
statements, provided in more detail in the report, are: 

Results: 

Core damage frequencies as calculated by today's methods span a wide range, from 
10"3 to 10'7 per year. Some of the more dominant factors contributing to core damage 
and risk are: human error; support system dependencies; the intersystem LOCA 
(emphasized because of its risk importance); design deficiencies; external events; and, 
events other than full power events; 

Uses: 

PSA is a valuable tool for improvement of reactor safety. It is also an important 
auxiliary to conventional deterministic licensing tools. The current limitations in PSA 
should not inhibit use in plant safety assessment. 

Limitations: 

PSAs can and should account for common cause failures; some human errors; and 
should depict uncertainties. Additional development is needed to account for errors of 
commission, and influences of the operating organization. An external peer review of 
a PSA is desirable for placing in context the main points of the PSA. 

Expert Opinion: 

Expert opinion can be used in PSA. Use should be well documented and justified. 
Adequate guidance for its use has been developed and should be used. 
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Low Probability Numbers: 

Very low frequency values, on the order of 10"7 per year or lower for core damage 
frequency are viewed with skepticism by most PSA practitioners. There is a special 
burden on those who strive to justify numbers at or below this level. 

Conclusions: 

There is sufficient confidence in PSA for it to be used both for examination of the 
plant design and for the manner in which it is operated. PSA is not seen as a sole 
replacement for the conventional deterministic licensing process, but may be properly 
considered as a adjunct, mandatory in some cases, to the current licensing process. 

The limitations in PSA methodology are significant, and further research into methods 
and to data gathering should be pursued in order to reduce the uncertainties in the 
results. However, these limitations do not restrict the use of PSA at present. 



6 

CSNI Workshop on PSA Applications & Limitations 
Santa Fe, New Mexico, USA 

4-6 September 1990 

Final Report to CSNI 

INTRODUCTION 
Origin and Purpose of Workshop 

1. The CSNI, at its seventeenth meeting, on 8-9 November 1989, decided to hold a 
Workshop on PSA, with emphasis on the applications and limitations. The Workshop, which 
was held in September 1990 in Santa Fe, New Mexico, USA, was organized by a group of 
experts (see annex 1 for composition) who also were responsible for this report. According to 
the CSNI, the Workshop was charged to give special attention to the topics of: 

o use of expert opinion, 
o cut-off criteria for low probability sequences, on extremely low probability 

numbers 
o difficulties associated with the inclusion of natural phenomena, 
o how to improve the quality of PSA, 
o how to clarify the purpose of PSA. 

2. With this somewhat general charge for the purpose and scope for the Workshop, the 
organizing committee met in Paris in February 1990 to develop more detail on the Workshop, 
and to prepare a call for papers. Approximately 60 abstracts were received by April 1990. 
The committee met again in May 1990 to review and finalize the accepted papers, and to fix 
the agenda, time, and place for the meeting. The Workshop was held 4-6 September. In 
addition to these accepted papers, there were 38 attendees from various risk assessment 
disciplines, and from designers, regulators, and suppliers of PSA. 

3. The Workshop was divided into four broad themes: 

o current PSA results 
o current uses of PSA, by utilities, designers, and regulators, 
o views on current limitations 
o a panel session which had broad charter to comment on the first three themes, 

as well as the future prospects of PSA (for a list of panel members, see Annex 
2). 
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4. By way of background, the committee noted the following concerns. 

Over the last ten years many computer-aided PSA studies have produced risk results in 
the range of 10'5 to 10'12 per reactor year. Low numbers also appear from the product of 
several probability terms representing various success paths by which core damage might be 
averted. By this means, initiating events of 10"3 to 10"4 per year may have a CDF of «10"6 

per year. Such low numbers, obtained from the product of several probability terms, are 
generally not believable if, for example, support systems have not been modelled since 
failures of support systems, which affect more than one system in a sequence, invalidates the 
quantification of accident sequences in this way. Some initiators can be high (on the order of 
one/year) but still yield low frequency values. PSA specialists and several members of CSNI 
have been concerned by the use of low numbers in a few recent studies and in some papers 
prepared for public information. While not disagreeing with low probability estimates for 
specific sequences identified and carefully assessed (e.g., very low probability sequences of 
events which could be described in detail from the initiating event to the final event), they are 
firmly opposed to any generalization of the results because not all events down to the very 
low probability have been considered (e.g., initiators with frequencies <10"*7yr.) and therefore 
consequences associated with very low frequencies do not represent the totality of the risk.* 
Many experts believe that the range W6 to 10"7 per year represents the lowest level of risk, in 
regard to major engineered projects, that can reasonably be assessed, and that not enough is 
known about equipment and system behavior and very rare initiating events to do better. 

5. Initiating events traditionally considered in PSA usually fall in the range of 
approximately 1 to 10'5 per year. A few may reach 10"6 per year, or even a decade lower for 
a pressure vessel failure. Initiating events below the 10"* to 10'7 probability levels are 
acknowledged but are not directly considered in most analyses. On the other hand some 
experts expressed also the concern that at low probability levels, probability and consequences 
evaluations may be exceedingly conservative, in particular when the high side of uncertainties 
bands are considered. Therefore they think that, below a certain low probability limit, both 
conservative and non-conservative errors are possible. 

6. As a result of the foregoing, considering the importance of these questions both for 
technical reasons, decision making, and for public information reasons, the CSNI decided in 
November 1989 to sponsor this Workshop on PSA Applications and Limitations, stressing 
considerations of respect to the use of low probability values. 

Objective and Composition of the Workshop 

7. The general objective of the Workshop was to measure and describe the role that PSA 
can and does play in the overall safety assessment of nuclear power facilities in the OECD 
Member countries. In order to achieve this objective the Workshop examined: 

*In this context, the measure of risk is usually defined in terms of off-site consequence 
measures, such as integrated population exposures. 



8 

(1) current PSA results from a broad sample of Members countries; 

(2) current uses of PSA by regulators, designers, and operating organizations; and 

(3) methods and limitations inherent in the practice of PSA as of 1990. 

8. The desire of the organizers was to get a broad cross section of results, applications, 
and in particular views on limitations of PSAs. The Workshop -designed to promote 
progress, as contrasted with conferences or symposia where the state-of-the-art is presented -
afforded opportunity for various PSA practitioners and users of PSA results to comment on 
known PSA limitations, and how such limits could impact use. As such, the emphasis was 
placed on the meaning and use of exceptionally low probability values and critical factors in 
estimating low probabilities, such as expert opinion. 

9. In general, the tone of the Workshop was rather practical, and focused on results and 
applications. The organizers did not expect or solicit rather detailed exposition of methods, 
although some summary descriptions of methods was needed. They believed that the role of 
external events is significant, dominant in some cases, and they expected papers and 
discussion thereto. The Workshop did not discuss Level-m PSA (off-site consequence 
methods and limitations) as that topic is to be dealt with in another NEA forum. However, it 
was proper, in some cases, simply to show results in terms of consequence measures 
(including safety goal comparisons, if relevant). 

10. Following the Workshop, the organizing committee met, with the assistance of 
scientific secretaries provided by NRC, and developed an interim report. This report was 
transmitted to the members of NEA and was discussed at the November 1990 meetings of the 
CNRA and CSNI. As a result of these presentations, the CSNI asked that the report be 
issued in final form. 

11. At the November 1990 meetings, Prof. Reginald Farmer, a member of the panel and a 
consultant to NEA, delivered some remarks on the question of cut-off criteria for low-
probability numbers. His remarks will be cited further in this report. His presentation is 
reprinted herein as Annex 1, at the request of the CSNI. 

The transactions of the Workshop, consisting of the complete papers, are being printed 
separately. 
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OBSERVATIONS AND INSIGHTS 
Introduction 

12. As mentioned earlier, the three categories of the Workshop were results, uses, and 
methods and limitations. As special emphasis (following the mandate from CSNI) the 
methods and limitations category included the concerns of low probability numbers and use of 
expert opinion. The observations and insights portion of this report are organized 
accordingly. 

Uses 

13. Almost all of the speakers spoke highly of PSA and indicated that it had important 
roles to play in safety assurance of nuclear facilities, providing systematic evaluation of 
possible vulnerabilities in the design and procedures for operation and maintenance. There 
was agreement that, limitations notwithstanding, PSA can and should be used. Uses of PSA 
identified included such areas as: 

o Evaluation of plant modifications from a safety viewpoint. 
o Aiding in the determination of whether backfits should be required. 
o Aiding in the design process. 
o Evaluation and Assessment of management and operational policies in 

shutdown and startup conditions, 
o Evaluation of accident management policies, 
o Evaluation of maintenance and testing activities. 
o Evaluation of precursor events as a measure of performance to desired goals, 
o Prioritization of competing research needs. 

14. It was pointed out that in some cases, activities that are part of the PSA process, such 
as plant walkdowns can reveal plant defects. Removal of this defect could cause significant 
reduction of core damage frequency. This may suggest a new role of PSA in safety 
management; that is, PSA might be used in a periodic safety review of a NPP. 

15. "Living PSA" was viewed as an important tool in aiding effective plant management 
for safety and reliability including maintenance, although several speakers forcefully noted 
that PSA can not as yet distinguish whether the overall plant management has a high 
dedication to safety (sometimes called the plant's safety culture), or whether operator training 
is adequate or whether the plant is properly maintained. 

16. From the discussions that took place, it became clear that what is meant by a "Living 
PSA" is different for different individuals. As an example of one "Living PSA," a paper from 
Canada presented the concept of using PSA in a closed loop form to assure the desired degree 
of reliability in various systems. While the committee agrees that a "Living PSA" is a 
noteworthy concept and urges the CSNI to consider its further development, the committee 
believes that the need for a clear and consistent definition of a "Living PSA" is apparent. 
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CSNI's Principal Working Group No. 5 on Risk Assessment (PWG-5) might consider 
producing a standard definition. 

17. It was also suggested that PSA can indicate the quantitative degree of safety of the 
plant with reference to safety goals. Compliance with safety goals is usually on the basis of 
best estimate values. It should be noted here, as well as in the discussion on low probability 
numbers, that safety goal targets (on the order of 10 7/yr.) are low numbers. However, 
consensus from the Workshop participants seemed to be that some measure of accounting for 
uncertainty is desirable (or even necessary). 

However, there were no advocates for the position that PSA should in some way 
replace the present licensing procedures, although it might be required as an adjunct in some 
countries. 

18. A summary of the "uses" portion of the Workshop is: 

PSA use can provide important safety benefits. It is a useful adjunct to 
deterministic licensing criteria, though not a substitute for them. A "Living 
PSA" is worthy of consideration for each plant, but needs more development 
work first. The current limitations on PSA do need more attention from the 
research community, but are believed not to be serious enough to prevent its 
broad usage now. 

Results 

19. The various papers describing current results from PSA emphasized the topics of: 
importance to risk from plant status other than at full power; impact of support systems; 
importance of human error; interfacing LOCA; seismic. 

20. Some current results noted the contribution to risk from operational modes other than 
full power. This is a relatively new concept. The French presentations were particularly 
useful. The committee concludes that this effect is real and needs more development. There 
is a general concern that not enough attention has been given to the analysis of these modes 
of operation. Vulnerable operating modes are the "transition modes" between shutdown and 
power. Human factors are very important in this regime because many automatically initiated 
systems must be manually started after the reactor has been shutdown. This identification of 
the relative importance of accidents away from full power should have been expected. Most 
of the plant design process was based on full-power operations and less attention to other 
modes of operation conditions away from power. To produce more realistic PSA core 
damage or risk results, operator errors of commission during accidents away from full power 
must be considered. 

21. The importance of support systems interactions was highlighted by one paper which 
indicated that the loss of instrument room cooling could strongly affect the core damage 
frequency of the plant being analyzed. It was noted that unexpected results (i.e., the 
identification of a system as important to the estimation of the core damage frequency when it 
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would otherwise be considered as a secondary influence on the core damage frequency) could 
occur during the first-time application of PSA methodology to a plant. Another paper 
indicated that support system failures can have a high frequency, large uncertainty, and high 
consequences, involving complex accident transients. 

22. Certain emergency procedures or recovery actions were seen to have a strong impact 
on the outcome of an analysis. One presentation showed that in a bounding sense changes in 
human error rates (Figure 1 ) could cause very large changes in the computed core damage 
frequency. This might be used as a method to illustrate the differences in utility safety 
culture and attitude, but a methodology does not yet exist which can fully accomplish this in 
a quantitative manner. Comparisons (Figure 2) of reliability analysis in the PSAs for 6 
Swedish reactors indicated that results were very sensitive to variations in models for 
common cause failure and human interactions. This is likely true for other PSAs. Much 
discussion concentrated on the importance of human error and reliability. It was expressed 
that both the positive as well as negative impacts of human action must be considered. In 
many scenarios, the human factor was shown to be highly influential to eventual outcome. 

23. PSA studies indicated that interfacing system LOCAs may be very important to risk. 
Precursor events have suggested the need to revisit the scenario to assure that the current 
view of low overall risk is still valid. Operators need to be aware of the importance of this 
event and the possible subtle mechanisms for initiation, including human error. 

24. The dominant contributions to seismic core-damage frequency and off-site risk seem to 
occur for ground motion levels significantly above the design-basis earthquake levels. 
Generally, there is little or no contribution at the design-basis earthquake level (in most 
cases), although there are exceptions. A reasonable fraction of the dominant earthquake-
initiated sequences involve combinations of earthquake caused failures and non-seismic 
failures or human errors. There are very large uncertainties in estimating the probability of 
the earthquakes (and ground motion) for these dominant events. Concerns have arisen about 
the possibility of seismic-induced fires, or accidental seismic-induced actuation of fire-
suppression systems that could damage equipment. One dominant finding, reaffirming 
previous judgments, from the seismic PSAs is that anchorages are among the most important 
links. Human errors in the structural design process has been responsible for most of the 
seismic damage of industrial plant facilities in Japan and thus may be significant factors for 
seismic PSAs. 

25. For core damage frequency estimates the calculated uncertainties are not very large 
relative to those for accident progression analyses; however, they may span over several 
orders of magnitude. One paper presented a matrix of uses and limitations for six 
containment event tree (CET) methods (Figure 3). The matrix could be used to identify the 
CET method that would be most appropriate for a particular PSA analysis. The committee 
felt that this is a topic that PWG-5 should pursue. 
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Figure 3 
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26. Although the Workshop did not emphasize phenomenology, one paper discussed 
comparison of several severe accident modeling procedures. This paper concluded that codes 
were in reasonable agreement for in-vessel processes, but were in poor agreement for ex-
vessel and source term estimates. 

27. A summary of the "results" portion of the Workshop: 

Some of the more dominant factors influencing risk are: other than full 
power operations; operator performance; support system dependencies; the 
intersystem LOCA; seismic and other external events. 

Methods and Limitations 

28. The Workshop devoted more than half of the time to me topic of limitations. As 
noted earlier, the CSNI was particularly concerned with the concepts of low probability 
numbers, and on the use of expert opinion. 

29. A state of the art PSA should include, among other things, an analysis of 
dependencies, human error, time dependent analyses, and uncertainties. 

Significant improvement in the quality of PSA can be accomplished by a 
comprehensive peer review at the end of the work. An external peer review is desirable, and 
some consider it essential. During the conduct of the PSA, some intermediate peer review 
can also be of value. 

Some of the problems and limitations in performing a PSA include the fact that the 
PSA is often performed by analysts who are not part of the plant operational staff. Thus, the 
strengths of the analysis may not be apparent to the operational staff and may not be readily 
accepted. It is desirable to involve these operations personnel in the PSA in order to improve 
the PSA and accelerate its findings into the plant operations. 

30. It is not always possible to make general recommendations on what PSA methods 
should be used for an analysis. The appropriate method will likely depend on several factors 
(e.g., availability of data). It is more important that the analyst be aware of the positive 
aspects and the limitations of the different methods being considered for a particular analysis. 
As an example, the level of system modeling depends on the use of the PSA. Better 
success/fail criteria for indicating the end-point of a sequence, and assigning the branch point 
probabilities and distribution, would help reduce uncertainties. 

A living PSA requires detailed models to integrate system issues in such a way as to 
enable the PSA to be used repeatedly for different purposes and to be updated with a 
minimum of the effort when: (1) new (and possibly different) components or procedures are 
added to the system, (2) existing components or procedures are modified, or (3) component or 
procedures are removed and not replaced. 
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31. Errors of commission as treated in PSAs do not treat the error of commission" as a 
result of erroneous judgment. Recent events indicate errors of commission may occur in 
certain potential ISLOCA sequences. A method to identify such errors of commission is 
being developed by some of the OECD Member Countries. The method utilizes aspects of 
"sneak circuit" analysis (identification of potential pathways (human actions) that circumvent 
the desired outcome). 

32. Quantitative common cause failure analysis is limited by the quality and quantity of 
data. Therefore, significant improvement in the quantification of common cause failure event 
probabilities is unlikely to be achieved in the near term. Proposals for future direction voiced 
during the Workshop included performing reviews of nuclear power plant designs and 
operations, focused on the identification of potential common cause failure mechanisms. 
However, useful safety insights can nonetheless be gained, even from a qualitative analysis. 

33. For passive reactor designs, many more difficult analyses will become important, 
including: common cause failures between systems (especially when they can cause failure of 
a passive system), independent failure probabilities of passive components (structures), human 
errors of commission, new initiating events related to passive features, and general 
completeness (since most of the common reactor accidents are no longer significant 
contributors, whereas accidents that are now typically truncated as unimportant may become 
important). The question of the validity of low probabilities may become more important in 
these analyses. Defenses against common cause failures can be provided in the design, which 
is a good argument for doing a PSA. 

34. As indicated in the Results section, the contribution to core damage frequency from 
modes of operation other than full power can be important. This finding should encourage 
research into areas unique to diese modes of operation (e.g., initiating events, component 
unavailabilities due to test and/or maintenance, thermal-hydraulic considerations, and other 
factors). It is equally important to consider the human factors role in making the transition 
from one operating mode to another, as well as the suitability of procedures for coping with 
transients or accidents in all modes. 

35. Cut-off values have helped initial PSAs to focus on what might be significant, thereby 
identifying some significant safety improvements. This was accomplished by examining only 
the most likely accident sequences, e.g., for accident management provisions. As a result of 
this success, the question arises as to what kind of insights and possible accident management 
provisions might have been identified for those sequences which have been "truncated." 
These items need continuing attention. This is one facet of the "completeness" question. 

36. Some PSAs included external events, but many do not. The committee noted that 
where external events were included, they were dominant in many cases. Thus, it is 
recommended that PWG-5 give additional emphasis to this in the future. In addition, it was 
noted that for those PSAs including external events, the methodologies for treating the 

Or, errors of erroneous judgment. 
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external events were rather different in the various PSAs. Work in progress to harmonize the 
methods used in external event analysis was strongly endorsed by Workshop participants in 
order to improve the quantitative results. It is noted that the topic of accidents initiated by an 
internal fire was not covered in the Workshop even though these have been found to be 
important in many PSAs. 

37. Other items associated with external events analyses include the following: 

o An integrated examination of external event issues in the context of the rest of 
the plant's safety functions and systems is important, even if large uncertainties 
exist. 

o An integrated examination of the plant, by a team including both seismic-
capacity engineers and system engineers, can be of major benefit in identifying 
issues that neither type of expert could find alone. This is probably true for 
other external events, also. 

o Concerns about the consequential effects of seismic-carried relay chatter have 
led to the development of a viable methodology for its analysis. 

o Spatial systems interactions are among items sometimes found during the 
walkdowns. 

o JAERI is developing a new ground motion attenuation model to produce higher 
accuracy in seismic PSA and permit probabilistic examination of design basis 
earthquakes of each nuclear power plant in Japan. 

38. A summary of the methods and limitations section is: 

o A state-of-the-art PSA should account for common cause failures; human 

errors; and should have a depiction of the uncertainties. 

o An external peer review is desirable, and possibly necessary. 

o The operating staff should be fully involved. 

o Data are not sufficient in some areas (e.g., operator errors of commission 
and shutdown analyses). 

o Some cut-off values may obscure low probability events which might become 
important in calculation of risk. 
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Low probability numbers 

39. Reported core damage frequencies vary widely, from 10"3 to 107. When 
the higher value was encountered rather quick actions have typically been taken to modify the 
plant to lower the value. For intermediate values (in the region of 10"5) there were generally 
some plant modifications, or procedural changes, to further improve safety in many cases. 
For the lowest number, i.e., the 10"7 numbers, no particular fixes were usually mentioned. 
Most participants questioned the credibility of such low numbers. Some areas of concern 
include: 

o Accident frequency analysis too limited in scope; there is the question of 
completeness. 

o Difficulty in identifying very low frequency initiators, in the range of 10"6 per 
year or lower. 

o Design and construction errors, or possibly human errors, could conceivably 

dominate PSAs with low core damage frequencies. 

o Inadequate treatment of common cause failures affecting multiple systems. 

o Incomplete or missing treatment of operator judgment. 

o Wide ranges of uncertainty. 

40. Many experts have expressed concern about the use of low frequency numbers, on the 
order of 10'7 core damage frequency per reactor year. This concern extends to individual 
sequences below this level, if one portion of the sequence calculation is itself quite low. 
Generally, it is felt that the unknown factors, the possibility of incompleteness, location 
dependencies, or other unrecognized common cause factors place some sort of "floor" on the 
calculation. This is not to say that such low numbers must be dismissed; rather, the analyst 
has a special burden, perhaps unachievable, to justify such low numbers. It seems somewhat 
speculative to accept that the frequency of consequences (e.g., core damage frequency; early 
fatalities) can be determined at values of 10"7 per reactor year (or lower) as it is very difficult 
to prove that one has considered the consequences of all significant contributors at this low 
value. We could be sure of such a calculation only if it was thought that no conceivable 
contributor had been overlooked (e.g., a 10'7 initiator with a probability of near 1 of causing a 
release). For further detail on this topic, refer to Annex 1 of this report. 

41. Extreme variability of results can accompany the use of the various models for human 
reliability. Several speakers noted that further research was needed in the modeling of human 
errors of commission, and that this could take several years. Some countries have such 
research in progress. The committee believes that CSNI should endorse this concept and 
consider more explicit instructions regarding this research to some combination or joint effort 
between PWG-1 (Operating Experience and Human Factors) and PWG-5 (Risk Assessment). 
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42. In summary: 

o Very low probability numbers, such as for events with a frequency less than 
IV6 per year, were viewed with skepticism. As the numbers become lower, 
the burden to demonstrate the validity of such numbers becomes greater. 

o Factors which argue against such very low numbers include: design and 
construction errors; the human response; common cause, and 
incompleteness. 

Expert opinion 

43. The general consensus of the conference was that the use of expert opinion is rather 
routine in PSA, as well as in other scientific and engineering research. Expert opinion can be 
used to provide information relevant to a particular issue when no experimental data are 
available or to supplement data. However, as was pointed out in the conference, its use 
should be systematic and governed by the calculus of probabilities. 

Many of the common problems encountered in the elicitation and analysis of expert 
opinion were presented. Some of the problems highlighted and discussed in detail included 
(1) calibration of experts, (2) conditioning, 
(3) bias, (4) limited information processing, and (5) granularity. These and other issues 
associated with the expert opinion were addressed along with recommendations for 
minimizing their impact. 

44. A general approach to elicitation of expert opinion was presented and discussed. 
Elements of this approach included the following: 

a. Selection of issues 
b. Selection of experts 
c. Training of experts in decision analysis 
d. Strategy for and execution of the process of expert interaction 
e. Processing of expert opinion 
f. Documentation 

The approach was designed to obtain expert opinion in a manner that best utilizes the 
available expertise and accurately reflects the uncertainty associated with the relevant issues. 
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GENERAL CONCLUSIONS 

45. The committee found the Workshop to be most enlightening. The concept of 
gathering together representatives of the designers, the utilities, the regulators, and the PSA 
practitioners from the Member countries of OECD produced a lively and productive 
interaction. More than half of the Workshop was devoted to a detailed examination of the 
perceived limitations (and there are many). Even so, the committee believes that there is 
sufficient confidence in PSA for it to be used both for safety examination and operation of 
operating plants (and identification of useful safety improvements) and for examination of 
the improved safety of the next generation of plants. 

46. The committee believes that the current list of limitations does not preclude the current 
uses. However, the uncertainty in PSA can and should be reduced. The discussion in the 
preceding sections offers some specific areas in which PSA methods can be improved. One 
means of reducing the uncertainty in PSA is the increased utilization of operational 
experience in developing accident scenarios, assessing system failures, evaluating human 
errors, as well as improving component reliability data. In this context, operational 
experience refers to incidents which have actually occurred at nuclear power plants. 

47. The committee notes that the emerging issue of core damage and risk from events at 
less than 100% power is important, may dominate in some cases, and merits full attention in 
any new PSA. 
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Annex 1 

Presentation by Professor Reginald Farmer, O.B.E. FJI.S. 

to 

CSNI 

at the 

November 1990 Meeting 

An Appreciation of the Santa Fe Workshop Contribution to the Question of Cut Off Criteria 
for Low Probability Sequences (and Numbers) 

In introduction I refer to the curves giving "number of health effects - early and late deaths -
from below 104 to above 10s as exceedance values at frequencies from 10"7/yr to 10",2/yr". 
This goes far beyond the uncertainty of around KTVyr to lO'Vyr for PSA estimates of core 
damage, as discussed by Dr. Ross and it is this extension to 10"IO-10"12/yr which is of concern 
to me. 

I am encouraged by the extent to which PSA is assisting in the identification of any weakness 
in design and operational procedures; not only weakness but also seeking ways of reducing 
pressure on operators and adding further to the reduction of risk. 

However as noted in the "Origin and Purpose of Workshop" - it was to give special attention 
to a number of listed topics including - Cut off criteria for low probability sequences on 
extremely low probability numbers -. 

There was no structured discussion of this topic and the input from papers and discussion led 
me to believe that the purpose had not been well defined nor well understood. 

Was it to be a general cut at 10"7 or in specified applications? And would this restriction be 
subject to further effort to relax again? This is highlighted in the committee summary. 

1. As numbers become lower, the burden to demonstrate the validity of such numbers 
becomes greater. 

2. Factors which argue against such very low numbers include design and construction 
errors; the human response, common cause and incompleteness. 

3. More research might give relief to low numbers or aid justification (para 41 of report). 
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4. Some cut off values may obscure low probability events which might become 
important in calculation of risk. 

5. Therefore some experts express the concern that below very low probability levels, 
probability and consequence evaluations may be extremely conservative. 

I would wish to qualify these 5 observations but by first setting a background. For forty 
years in atomic energy there has been an interplay between safety goals or criteria and the 
assessed risks of the nuclear plant. This was linked - and still is linked between the credible 
and incredible. 

One of the early problems in 1950-60 was the difficulty of defining a boundary between the 
credible (m.c.a.) and the incredible. Incredible lay in the foggy ground where no clear design 
solution could be found, e.g. the fast ductile failure of a pressure vessel or large natural 
phenomena - earthquakes, tornadoes etc. 

Difficulties still remain. We are now invited to approach the incredible by credible steps and 
then describe the resulting incredible situation in credible terms. 

The setting of criteria, safety goals has proceeded from 1962, US site criteria; 1967,1 
proposed the limit line for 1131; 1980, the US trial approach for fuel melt, individual risk 
and a step toward societal risk; 1987, the H&SE (UK) set targets lO^r.y. as individual risk 
largely in line with many other countries, - and a tolerance frequency for 100 fatal cancers 
around lOVlO^r.y. 

There is still difficulty in setting objectives for societal risk although much discussed, - such 
as relative weighting of acute and delayed deaths and weighting for high or low risk of cancer 
although this unfortunately is swept up in total collective dose (another use of very low 
numbers!). 

In step with target setting lies the progressive attempt to assess "the risks to the public from 
potential accidents". We move from WASH 750, 1400, to Germany 1979, Sizewell B 1985 
and now NUREG 1150. 

The findings in frequency/consequence of acute or delayed deaths have a very similar pattern. 
Latent cancers climbed somewhat from 

103 at lO'r.y. to 

104 -10s at 1010 to 10nr.y. 

Acute deaths from 

< 10 at 1010r.y. to 
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a few thousand at 10"9 -10'12r.y. 

The exceedance curves from 1150 show - for example Surry (internal initiators) 

103 acute fatalities at 10"10r.y. 

and Gittus - a few thousand at 10"12r.y. 

These estimates are carried out diligently identifying possible faults and fault sequences, all 
credible even if unlikely. The sequence proceeds in relatively small steps in frequency of 
10"1 -10"3 continuing to give 10"4 -10"5 for core degradation, - followed by containment leakage 
10*1 -10"3 then fission product isotope release fractions, - by weather patterns and emergency 
response actions. These are multiplied using sophisticated sampling techniques to reach 
frequencies of 10'10 or, for Gittus, I0"12r.y. 

I find no fault with this procedure if used to compare changes in design, operation etc. - any 
low number may be used if useful in determining a safer plant, - such comparative studies are 
usually applied to steps at the 10'1 -10'3 level and then reported but not necessarily determined 
by variations at 10'8 -10"9 level. 

When used to determine consequences "how safe is safe" and claim virtue therefrom such as -
less than one death at 10"6 -10"8r.y. etc, - the conclusions given by the exceedance curves are 
only valid within the framework for the study - that is for the initiators and sequences therein 
defined - essentially in the identification and analysis of credible steps. But the answer 
derived is incredible in the low frequency zone. I am entitled to push the analysis further, -1 
could ask for an evaluation of an earthquake at 10"6 -10"7/yr and that is 1,000-10,000 times 
more likely than 10"10/yr and therefore is a valid request and falls well within the exceedance 
range. Even greater uncertainty attends the calculations of the change or consequences of 
some substantially bigger earthquake than (10^/yr) or some even less likely event. 

If nature does not stop at lO^/yr and if a claim is made to 10"'°/yr or lower, I am entitled to 
look for consequences for any event of frequency between 10"4 -10"'°/yr, and this cannot be 
done - yet there could be incredible events at 10"7/yr giving consequences 10 times greater 
than those projected at the end of a sequence at 10'10/yr. 

I now review the 5 defensive positions oudined earlier. 

1. A heavy burden to demonstrate the validity etc. It will remain impossible to 
demonstrate validity beyond the frequency at which accident analyses can be carried 
out. There is no burden - it cannot be done. 

2. The implication that further effort will help - yes but only within the limit of the 
predictable. 

3. More research will help - only within the same limit. 
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4. The cut off may lose some remote accident - there need be no cut off in engineering 
assessments. 

5. Evaluations may be very conservative at very low probability levels? This is hardly 
consistent with the possibility that the consequences shown at 10'° -10"12/yr could 
occur or be exceeded at 10"6 -10'7/yr. This is my contention and consequently I cannot 
accept exceedance curves as now presented below 10'Vyr - preferably lO^/yr. 

I see danger in continuing the promotion of risk analyses several decades below the level 
which can be analysed. If such numbers are issued by or supported by known authorities or 
people of recognised expertise, they will be believed and re-used - even extended. 

Some opponents will not believe and will challenge. 

I am not an opponent, I encourage PSA but I don't like very small numbers. 

Finally it would often seem, in this type of discussion, that 10'5 is seen as 1/2 way to 10"'° 
whereas the factor is 100,000 and I doubt if our analyses will gain even a factor of 10 in the 
next 20 yrs. 
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Risk Assessment 
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